P ost-acute care has become an important target for quality improvement and patient-centered care in the United States. [1] [2] [3] [4] [5] Better post-acute care may benefit patients in multiple areas, including shorter hospital length of stay, reduction in inpatient cost, improvement in quality of life, better home-based primary care, and the prevention of unplanned readmissions. [6] [7] [8] [9] [10] [11] [12] [13] Home health agencies, which provide skilled nursing care, physical, occupational, and speech therapies, social work services, and assistance with activities of daily living to homebound patients, 14 play an important role in the delivery of optimal postacute care. Approximately 1.5 million Medicare patients, roughly 30% of hospitalized Medicare beneficiaries, were referred to home health care at discharge in 2012. 15 In 2013, home health agencies served approximately 3.5 million beneficiaries with nearly 123 million visits, and Medicare paid almost $18 billion for these services. 16 Home health care has been emphasized under the Improving Medicare Post-Acute Care Transformation Act of 2014 to provide and improve care at individual patient and community levels.
The number of Medicare-certified home health agencies has increased over the last decade, from approximately 7,500 in 2000 to more than 12,000 in 2015, and the number of patients served increased from 2.5 million in 2000 to 3.5 million in 2013. 17 Previous studies have shown that rural areas used home health care services less frequently and the Midwest and West regions were most likely to be served by only a single agency. However, many of these studies focused on specific communities, populations, or conditions and some of them do not reflect contemporary patterns. [18] [19] [20] [21] [22] [23] [24] [25] [26] As home health care becomes a valuable component of the U.S. healthcare system, it is important to assess whether such services are available across the country and whether geographic patterns of the services have changed over the last decade. Identifying gaps in available home health care can inform future healthcare planning to enhance care of seniors.
Accordingly, we used 2002-2015 national home health care data, publicly available from the Centers for Medicare & Medicaid Services (CMS) Home Health Compare (http://www.medicare.gov/download/downloaddb. asp), to assess temporal trends and geographic variation in the availability of home health care at the county level from 2002 to 2015. Using 2013-2015 data, we evaluated agency-specific and county-specific characteristics associated with the availability of home health care.
METHODS

Study Sample
Home health care data, at the individual agency level, include agency characteristics, ZIP codes served, and the corresponding time period 
Outcome
Our primary outcome was the availability of home health care, defined as the number of available agencies that provided services to a given county per 100,000 population aged ≥18 years. We assigned a home health agency to a county if it provided services to patients residing in any ZIP code within that county. An agency could be assigned to multiple ZIP codes, either within a county or across different counties, if it provided services within each of those ZIP codes. Similarly, one ZIP code could be linked to multiple agencies if patients in that ZIP code received services from more than one agency. For each ZIP code in a given county, we obtained U.S. Census data and aggregated the data to the county level to calculate the number of home health agencies per 100,000 population aged ≥18 years. We excluded counties or county equivalents if their total population was unavailable.
Characteristics of Home Health Agency and County
We included four home health agency characteristics in the analysis: (1) years of Medicare certification; (2) rates of full service (providing Medicare-required home health aide, nursing, physical therapy, occupational therapy, speech therapy, and social work by permanent staff versus by contract workers); (3) ownership (proprietary versus other); and (4) distance (miles) between the ZIP codes for an agency's office and a patient's home. County-specific characteristics included geographic, demographic, socioeconomic status, health risk factors, and lifestyle information (Data S1). These county-specific characteristics are considered to be proxy measures for population-based health status 13, [27] [28] [29] [30] and may be associated with the availability and use of home health care.
Statistical Analysis
All analyses were conducted at the county level. We compared home health agency and county characteristics by tertiles of home health care availability. We assessed trends in availability at the county level by fitting a mixed model with a Poisson link function, county-specific random intercepts, and an ordinal time . This modeled the number of home health agencies as a function of time, agency characteristics, and county-specific demographics, geographic characteristics, socioeconomic status, health risk factors, and lifestyle characteristics.
To assess geographic trends and variation in the availability of home health care, we mapped availability in 2002-2003 and 2014-2015 , shading counties with a gradient from red (lowest availability) to green (highest availability). For each time period and geographic location, we quantified the variation in the availability of home health care over time by calculating the population-weighted quartile coefficient of dispersion. Decreases in the dispersion imply less heterogeneity in county-specific availability of home health care.
To evaluate agency-specific and county-specific characteristics associated with home health care, we restricted the study sample to the period from July 1, 2013 through September 30, 2015 and fitted the mixed model. We included state random intercepts in all models to account for within-state and between-state variations. Models accounted for spatial differences between counties, with the county-specific population aged ≥18 years used as an offset. Analyses were conducted using SAS version 9.4 64-bit (SAS Institute Inc.).
RESULTS
Study Sample
The final study sample included 15,184 Medicare-certified home health agencies during the 14-year study period. These agencies were Medicare-certified for a median (inter-quartile range (IQR)) of 15.9 (11.5) years, 71.1% were proprietary, and 80.5% had capacity to provide all six types of services by permanent staff. Collectively, these agencies served 39,773 ZIP codes, approximately 97% of all ZIP codes nationwide, across 3,228 counties or county equivalents. Table 1 shows observed countylevel characteristics of home health agencies in 2014-2015 and Table S1 includes additional characteristics across multiple time periods. County-specific characteristics varied by home health care availability. Compared to counties in the lowest tertile of availability, counties in the highest tertile had lower average median income ($46,000 vs $52,000) and were less populated (30,000 vs 600,000; Table 1 ). These observed patterns did not substantially change from 2002-2003 through 2014-2015 (Table S1 ). 
Trends in Availability of Home Health Care
Geographic Variation in Home Health Care
There was considerable geographic variation in the availability of home health care over the study period ( England, and 0.38 to 0.52 for the Pacific, indicating increased heterogeneity in home health care in these regions over time ( Figure S1 ). The coefficient decreased in the East-North Central, West-North Central, and WestSouth Central divisions. There was significant positive spatial autocorrelation in the availability of home health care for every time period (p for Moran's I < 0.001), indicating availability is similar across adjacent counties.
Agency and County Characteristics Associated with Availability of Home Health Care
Counties with higher median income, a larger elderly population, higher rates of households without a car and low access to stores, more obesity, greater inactivity, and higher proportions of non-Hispanic white, non-Hispanic black, and Hispanic populations were more likely to have higher availability of home health care. Counties with higher rates of Supplemental Nutrition Assistance Program participants, a higher proportion of females, and more fast food restaurants were more likely to have lower availability of home health care ( Table 2 ). All agency characteristics, except the proportion of full-service agencies, were significantly associated with the availability of home health care after adjusting for other county-specific characteristics. High-availability counties were more likely to be served by for-profit home health agencies, were more recently certified by Medicare, and necessitated driving further distances to reach patients (Table 2) . On average, every $10,000 age-sex-race adjusted Medicare reimbursement paid to a home health agency was associated with an increase in the availability of home health agencies per 100,000 population by 0.59 percentage points (95% CI 0.43-0.77). Availability was lower for all counties located outside of the West-South Central division ( Figure S2 ).
DISCUSSION
In this large, comprehensive investigation of the trends and geographic variation in the availability of home health care across the United States over the past 14 years, we found a slight increase in the availability of home health care from 2002-2003 through 2014-2015. This was accompanied by a reduction in the number of ZIP codes lacking home heath care. Although availability of regional services does not necessarily equate to accessibility or utilization of services, we found that less than 0.5% of ZIP codes in the United States lacked home health care by 2014-2015. We also observed geographic variation in care, with West, Northeast, and South Atlantic divisions having lower home health availability when compared to the Central divisions. The provision of highquality home-based care across all geographic areas will become an important component of the U.S. healthcare system in coming years given the increased proportion of patients discharged with post-acute care and home health care over the past decade 31 and the projected growth in the number of U.S. seniors from 45 million in 2015 to 84 million in 2050. 32 The persistent variation in the availability of home health care nationwide highlights opportunities to expand future services to improve care of the aging population. Moreover, as the aging population grows, the market for in-home services is likely to increase, with such care providing a potentially more desirable and cost-effective option. It is conceivable that home health care may play an important role in palliative care in the future, [33] [34] [35] [36] as palliative care in the home setting is associated with better patient and caregiver satisfaction [37] [38] [39] [40] and decreased utilization of resources and costs. 41 Our findings complement and extend those of previous studies.
17 -26 1996 used 1993 national claims history data and reported that the utilization of home health care tended to be highest in the South and lowest in the upper Midwest. 25 Our findings demonstrate changing geographic patterns using more contemporary data. The South remains high in home health care availability, but the upper Midwest also shows high home health availability. Kenney and Dubay 1992 reported greater variation in home health care than skilled nursing stays, hospital stays, physician services, or hospital admissions. 18 Our study illustrates that variation in home health care has persisted over time and it has increased in the Middle Atlantic, New England, and Pacific divisions.
The proportion female, median income, and urban/rural location of the county were all associated with availability of home health care in our study. Zhong et al. 2015 found that the accessibility of post-acute care was higher among women, patients residing in urban areas, and patients of higher socioeconomic status. 42 Another study that examined 1.1 million discharges of Medicare patients aged ≥65 years found that patients who were referred to home health care at discharge were more likely to be older, female, live in an urban location, have lower income, have a longer length of stay, have higher illness severity scores, have a diagnosis of heart failure or sepsis, and be hospitalized in New England (vs the Pacific). 15 Hartman et al. 2007 analyzed the 2002 Medicare home health care data and found that although the proportion of Medicare beneficiaries nationwide who lived in areas with few home health care agencies was relatively low, less than 1% of urban beneficiaries lived in ZIP codes with no or low use of home health care compared to more than 17% of the most rural beneficiaries. 43 Unlike these previous studies that focused on the patient level, we focused on the county, an important and actionable perspective since improvement efforts require system changes beyond the reach of individual healthcare practitioners and patients.
We noted a number of additional variables associated with home health care availability in our study. Increased Medicare reimbursement for home health agencies per Medicare beneficiary resident in a given county was associated with increased availability of home health care; however, this finding does not provide information on quality of care or spending. An important focus of future research will be to link reimbursements with quality of care provided by home health agencies and conduct a cost-effectiveness analysis to compare cost and outcomes. We found that county-specific characteristics, such as lifestyle, were significantly associated with home health care use. Increases in obesity and physical inactivity were associated with increases in home health care use, and a greater number of recreation or fitness facilities was associated with a decrease in home health care use. These findings suggest that a lifestyle associated with poor health may increase the demand for home health care. Community-level interventions that focus on lifestyle may provide improved health and decrease the need for home health care. We found that there was no difference in availability of home health care between agencies providing all six types of services by their permanent staff and agencies using contractors to provide some of the services. This may reflect Medicare's requirement that all home health agencies provide all of these services when needed, whether by way of employed or contract staff. Use of contract staff is common for smaller agencies and in less populated areas, particularly for speech and physical therapy because there are often fewer providers of these services in close proximity.
As with regional variability in health care as a whole, regional variation in home health care is complex and there is not a straightforward answer as to what drives it. An incidence rate ratio less than 1 indicates that an increase in that county-specific characteristic is associated with a decrease in the availability of home health care. Similarly, an incidence rate ratio greater than 1 indicates that an increase in that county-specific characteristic is associated with an increase in the availability of home health care.
Variation in temporal patterns may be the result of changes in the U.S. healthcare system, region-specific populations, socioeconomic status, lifestyle, healthcare market demand, or healthcare payment policy and spending. Future studies are warranted to elucidate how these factors affect geographic patterns. For example, improvements in home health care agencies, such as decreasing staff turnover, are important for reducing the geographic variation in home health care. Studies indicate that increased job satisfaction, prevention of job-related injuries, consistent patient assignment, reduced racial discrimination in the workplace, improvement in efficiency, care transition workflow from hospital to home health, an improved relationship with patients, and provision of health insurance are associated with lower intent to leave the job. [44] [45] [46] [47] [48] The long distances between agencies and beneficiaries in our analyses likely indicate that staff are traveling long distances; such travel may contribute to staff turnover and be amenable to transportation and scheduling improvements.
Our study has several limitations. As we did not know how many patients from a given hospital were cared for by a specific home health agency after discharge, we were unable to weight home health agencies based on their actual levels of patient care. In an urban area, it is typical that a given home health agency might receive referrals from multiple hospitals and hospitals may assign the majority of their home health care referrals to certain agencies. We were unable to obtain information on such hospital-home health agency referral patterns. Some county-specific characteristics associated with the availability of home health care may reflect home health care utilization, rather than home health care availability. The possible drivers of home health care utilization could be multi-factorial, including county-specific business aspects, economic influences, social supports, and local practice culture; however, we were unable to address these factors in our analyses. Additionally, there has been substantial growth of large for-profit home health agencies since the 1980s, particularly in the South Central and Southeastern United States where there have been disproportionately more services rendered. Thus, the change in availability of home health care shown in our national maps may reflect industry growth in areas where market demand and culture for using home care were more favorable. Finally, our study was based on observational data that could be limited in the extent to which cause and effect can be inferred.
In conclusion, the availability of home health care has increased from 2002-2003 to 2014-2015 and ZIP codes lacking home health care has decreased to 0.5% in contemporary data. However, considerable geographic variation persisted; the West, Northeast, and South Atlantic regions had lower availability of home health care compared to the Central regions, even after adjusting for county-specific characteristics.
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